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Abstract 

We study a new set of identity-based solutions to analyze the problem of tachyon conden- 
sation in open bosonic string field theory and cubic superstring field theory. Even though 
these identity-based solutions seem to be trivial, it turns out that after performing a suit- 
able gauge transformation, we are left with the known Erler-Schnabl-type solutions which 
correctly reproduce the value of the D-brane tension. This result shows explicitly that 
how a seemingly trivial solution can generate a non-trivial configuration which precisely 
represents to the tachyon vacuum. 
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1 Introduction 



Recently it was found a simple analytic solution for tachyon condensation in open bosonic 
string field theory [1] as well as in the modified cubic superstring field theory [2]. The 
main feature of these solutions is that, rather than a discrete sum, the solutions (which 
we refer as the Erler-Schnabl-type solutions) can be written as a continuous integral over 
wedge states, where no regularization or phantom term is required. Since these solutions 
do not require the presence of the phantom term, in contrast to the Bo gauge solutions 
O SI El El [71 El El HOI HH H21 |13l [H] , the computation of the value of the D-brane tension 
is very straightforward. 

It would be interesting to find a similar Erler-Schnabl-type solution in the case of 
Berkovits WZW-type superstring field theory [15] . Since the action for this theory is a non- 
polynomial one, the issue for finding the tachyon vacuum solution and the computation of 
the value of the D-brane tension seems to be highly cumbersome. Therefore, in order to 
find some clues for this challenging puzzle, we should analyze the problem in a relatively 
simple formulation of open superstring field theory. 

In the literature, there is an old formulation of open superstring field theory, namely 
the modified cubic superstring field theory [TBI E] ■ The action in this formulation is cubic 
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(instead of the non-polynomial action given by Berkovits [T5] ) 

ri.i} 



where Q is the BRST operator, * stands for Witten's star product [TS] , and the inner prod- 
uct ((•,•)) is the standard BPZ inner product with the difference that we must insert the 
operator YI2 at the open string midpoint. The operator Y^2 can be written as the product 
of two inverse picture changing operators Y-2 = Y(i)Y(—i), where Y(z) = —dC,e~ 2< ^c(z). 
The string field $ which has ghost number 1 and picture number belongs to the small 
Hilbert space of the first-quantized matter+ghost open Neveu-Schwarz superstring theory. 

As stated in Sen's first conjecture [HI [201 EI] , the classical open string field equation 
of motion should admit a Poincare invariant solution $ = \I> which is identified as the 
tachyon vacuum with no D-branes. This statement means that the energy density of the 
true vacuum found by solving the equation of motion should be equal to minus the tension 
of the D-brane. Since the energy density of a static configuration is minus the action, for 
the case of the cubic action, Sen's conjecture can be summarized as follows 
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1 1 



2 ^^ „ 3 



1 



«*,Q¥)) + =-7T^. (1.2) 



2vrV 



The string field equation of motion and Sen's conjecture allow us to fix the kinetic term, 



n 2 



= -1. (1.3) 

In this paper, we propose a new prescription for generating a string field in cubic 
string field theories [161 El EEE], which satisfies the equation of motion Qty + \l/ * \& = 
and represents to the tachyon vacuum. The procedure of our prescription follows two 
steps: (i) find a naive identity-based solution [22J of the string field equation of motion, 
and (ii) perform a gauge transformation [23] over the identity-based solution such that 
the resulting string field, consistently, represents to the tachyon vacuu 

In order to find identity-based solutions^ to the string field equations of motion, we 
are going to use a basis similar to the one used in [3] with the difference that in our case 
the operators are inserted on the identity string field For instance in the case of open 
bosonic string field theory, to find a solution based on the identity string field, we should 
use the ansatz 

* = Yl fn, P UlUiC n d p \0) + f n , P , q UluM n 5 p d q \0) , (1.4) 

n,p n,p,q 



x By consistently we mean that the solution must reproduce correctly and unambiguously the value of 
the D-brane tension. 

2 By identity-based solution we mean a solution which is based on the identity string field X. 
3 Let us remember that the identity string field is the wedge state 1= U\\J\\S), A discussion, needed 
for the purpose of this paper, about the identity string field can be found in the reference [24] . 
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where n — 0, 1, 2, • • • , and p, q — 1, 0, —1, —2, ■ • • ■ The operators C n , B and c p are defined 
in [3]. Plugging this ansatz (II. 4p into the equation of motion will lead to a system of 
algebraic equations for the coefficients / n>p and f n , P ,q- Analyzing these algebraic equations 
we discover that many of the coefficients can be set to zero, therefore we can use a 
simpler ansatz than the one given by (II. 4p . for instance in this paper we are going to use 
the following ansatz 

\& = a\c + (%2cK + a^Kc , (1.5) 

where the basic string fields K and c together with B are defined in terms of the identity 
string field with the appropriated insertions [9j [10] 

K = -CUlU^O) , c = t/JZ7iCi|0) , B = -BU^O) . (1.6) 

7T 7T 

As it will be shown, the solution obtained from the ansatz (II. 5p provides ambiguous 
analytic result for the value of the vacuum energy and consequently for the D-brane 
tension. In general, it can be shown that the energy of and identity-based solution is of 
the form x oo [22J, and so it is not well defined. Instead of trying to find a consistent 
regularization in order to treat our identity-based solution correctly, we are going to show 
that this particular identity-based solution is equivalent to the recently analytic solution 
found by Erler and Schnabl [Tj. 

To show the above statement, we need to find an explicit gauge transformation which 
relates the identity-based solution with the Erler-Schnabl solution. The explicit form of 
this gauge transformation is given by 

^e-s = UQU~ l + U^ I U~ 1 , (1.7) 

where ^e-s is the Erler-Schnabl solution p], \l/j is the identity-based solution, and U is 
an element of the gauge transformation 

U = l + cBK, U- 1 = 1 - cBK—^— . (1.8) 

1 + K v ' 

Since the Erler-Schnabl solution contains a term depending on 1/(1 + K), which is crucial 
for the computation of the vacuum energy PQ, it is not so difficult to guess the form of 
the gauge transformation^ which relates our identity-based solution with Erler-Schnabl 
solution, and in particular the gauge transformation should contain the 1/(1 + K) term. 



Let us remark that in general we can write expressions for U and f/_i depending on a function of K 
U = l + cBf(K), tT 1 = l-cB T |^. 
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Nevertheless we can construct different tachyon vacuum solutions by replacing the 
term 1/(1 + K ) with other functions of K satisfying the criteria given in reference [10] . 
For example the dependence on K in the original Schnabl's solution [3] is given by — e~ K 
(U 125] . It is clear that if we want to relate our identity-based solution to these different 
tachyon vacuum solutions we should use another gauge transformation which will depend 
on the choice of the function of K. The reason why we chose the 1/(1 + K) dependence 
is because the computation of the vacuum energy is simplified. It is well known that the 
case —e~ K which corresponds to the original Schnabl's solution has subtleties [21 HI |2"B] . 
for instance in order to compute the right value of the vacuum energy the phantom term 
must be included. 

Finally, we carry out the same analysis for the case of the modified cubic super- 
string field theory, namely we show that a solution based on the identity string field 
can be brought to the tachyon vacuum solution constructed by Gorbachev using a gauge 
transformation. Our results show explicitly that how a seemingly trivial identity-based 
solution can generate a non-trivial configuration which precisely represents to the tachyon 
vacuum. Certainly it would be very interesting to extend our results to the case of the 
non-polynomial Berkovits WZW-type superstring field theory. 

This paper is organized as follows. In section 2, we review and further develop some 
properties of the simple analytic solution for tachyon condensation in open bosonic string 
field theory. We give an example of an identity-based solution which formally solves the 
equation of motion. After performing a gauge transformation over this seemingly trivial 
identity-based solution, we obtain Erler-Schnabl's solution which correctly reproduces the 
value of the D-brane tension. We also show that Erler-Schnabl's solution appears as a 
particular case of a rather general two-parameter family of solutions. In section 3, we 
analyze a similar identity-based solution in the modified cubic superstring field theory. 
As in the bosonic case, by performing a suitable gauge transformation over this identity- 
based solution, we obtain the known Gorbachev's solution which correctly reproduces the 
value of the vacuum energy. A two-parameter family of solutions is discussed as well. In 
section 4, a summary and further directions of exploration are given. The details related 
to the explicit construction of identity-based solutions and the gauge transformation are 
left for the appendix. 

2 Simple analytic solution in the bosonic case 

In this section, after review some aspects of the simple analytic solution for tachyon 
condensation in open bosonic string field theory [1], we analyze a new identity-based 
solution which formally solves the equation of motion. Since this solution is an isolated 
identity-like piece, it may happen that the solution is trivial or inconsistent, in fact similar 
identity-based solutions have been proposed in the past, and for such solutions there is no 



5 



unambiguous analytic calculation for the D-brane tension [22]. However, as we are going 
to see, after performing a gauge transformation over this seemingly trivial identity-based 
solution, we obtain the well known Erler-Schnabl's solution which correctly reproduces 
the value of the D-brane tension. We also show that Erler-Schnabl's solution appears as 
a particular case of a rather general two-parameter family of solutions. 



2.1 Erler-Schnabl's solution 

As derived in Erler-Schnabl's paper [1] using the methods of [31 [10] , the simple analytic 
solution for tachyon condensation in open bosonic string field theory is 

^.s^c + cOc)^, (2.1) 

where the basic string fields K, B and c are given in the split string notation [U [HI HO] , 
and they can be written, using the operator representation [3J, as follows 

K -> -tu\U x \Q), (2.2) 

7T 

B -»■ -BUlUM, (2.3) 

7T 

c -> UlU^lO). (2.4) 

The operators C, B and c(0) are defined in the sliver frame [8] El, and they are related 
to the worldsheet energy-momentum tensor, the b and c ghosts fields respectively, for 
instance 

/dz 
(1 + ^ 2 )(arctanz + arccot^) T(z) , (2.5) 

/dz 
(1 + 2 2 )(arctan^ + arccotz) b{z) , (2.6) 

while the operator Jj\U\ in general is given by U}.U r = e~^, so we have chosen r = 1, 
note that the string field C/|C/i|0) represents to the identity string field 1 — > UlU\\0) 

13 m El do]. 

Using the operator representation f l2.2p - fl2.4|) of the string fields K, B and c, we can 
show that these fields satisfy the algebraic relations 

{B,c} = l, [B,K\ = 0, B 2 = c 2 = 0, (2.7) 

and have the following BRST variations 

QK = 0, QB = K, Qc = cKc. (2.8) 



5 Remember that a point in the upper half plane z is mapped to a point in the sliver frame z via the 
conformal mapping z = arctan z. 
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As we can see, the solution (12. ip contains explicitly to the identity string field and 
therefore, we may think that this solution is not well defined in the sense that for such 
solution there is no unambiguous analytic calculation for the D-brane tension. However, 
as shown in [TJ, Erler-Schnabl's solution ( 12. ip correctly and unambiguously reproduces 
the value of the D-brane tension. To prove this statement is crucial to write the solution 
as the following integral 

POO 

* E -s= / dte'\c + cKBc)^l\ (2.9) 
Jo 

this form of the solution is possible since we can invert 1 + K using the Schwinger param- 
eterization 

-i poo poo 

l —= dte-^ +K ^= dte-W. (2.10) 

As stated in [T], the fact that the solution can be written in terms of a continuous integral 
over wedge states arbitrarily close to the identity, and not as an isolated identity-like 
piece, is crucial for the consistency of the solution. 



2.2 The identity-based solution and gauge transformation 

In this subsection, we are going to analyze a new simple identity-based solution to the 
equation of motion in open bosonic string field theory, this solution is given by 

m = c(l-K). (2.11) 

Using the algebraic relations (12. 7p and (I2.8p . it is easy to show that the string field \l/ 
(12.111) satisfies the equation of motion 

Q^ + ^ 2 = 0. (2.12) 

The next step is to compute the value of the vacuum energy, this computation is crucial 
if we want to verify Sen's first conjecture. Using the equation of motion, the computation 
of the energy can be reduced to the evaluation of the following correlator 

^(*Q9) = ^(c(l - K)Q(c(l - K))) 

= -!- \(c 2 Kc) - (cKcKc) + (c 2 KcK) + (cKcKcK)} 

= 0. (2.13) 

The first term and third term vanish because c 2 = 0, while the second vanishes for the 
same reason upon using cyclicity of the correlator. The las term 

cKcKcK = cKcdcK = c(dc) 2 K (2.14) 
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vanishes because (dc) 2 . Based on this computation we conclude that the identity-based 
solution ( 12.1 ip seems to be trivial. 

Though we have a vanishing result for the value of the vacuum energy, it would 
be desirable to confirm our calculation by other means, for instance using the £oTevel 
expansion of the identity-based solution (12. lip 

* = ulu 1 [d 1 --Cc 1 + h ]\o) 

7T Z 



°° 1 11 1 

V f" -£ n ci r£ n+1 C! + — r^C n c ] |0> 

^ l 2 n n\ 7r2 n n\ 2 n+1 n\ Jl 1 



n=0 
oo 1 



^^/ n , p £%|0), (2.15) 

n=0 p=0 



where the coefficient f np is given by 



v 

/ 1 



if n > and p = 



2™+ 1 n! ' 

f nj ,= {l, ifn = Oandp=l (2.16) 

A -^ 2 "-i(n-i)! » ifn>laadp=l. 

Using the ^Co-level expansion of our identity-based solution ( I2.15p . we find that the value 
of the vacuum energy is given by 

1 00 1 00 1 

y y m=0 p=0 n=0 g=0 

= -6?^ + |l- < 2 ' 17) 

Therefore, as we can see, this solution provides ambiguous analytic result for the value 
of the vacuum energy and consequently for the D-brane tension. It is intriguing to note 
that even though we have obtained a value different from zero (I2.17p . this value does not 
coincide with the one given in equation (II. 3p . To understand this anomaly better, let 
us consider two general identity-like string fields with £ eigenvalues equal to hi and hi 
respectively 

0! = UlUMom , 2 = £/j£/i0 2 (O)|O) , (2.18) 
and compute the correlator (0 1; 2 ) 

(0i,0 2 ) = <0|bpz (^1 (0)) Z/J ?7iZ7f Z7l^2 (0) 1 0> 

= lim (0 1 bpz (0! (0) ) Ul £/ r £/* £/ r 2 (0) 1 0) 

= lim ( ^ ) ^ 1+h2 <0 1 bpz (^1 (0) ) C/ r C/t 2 (0) 1 0> 

= H [{-^l) hl+k2 ] (O|bpz(0i(O))0 2 (O)|O) , (2.19) 
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where we have used the definition of U r = Clearly if the sum of the eigenvalues 

hi + hi is greater than zero the correlator is divergent, while in the case hi + hi = the 
correlator is ambiguous. Only when the sum is less than zero we obtain an unambiguous 
result (0i,02) — 0. Since the case hi + h 2 > could appear in the computation of the 
vacuum energy, potential singularities can be present. This analysis also shows the origin 
of the non-triviality of the identity based solution. 

In this paper, instead of trying to find a consistent regularization in order to treat our 
identity-based solution correctly, we are going to show that this particular identity-based 
solution (12.111) is equivalent to the recently analytic solution found by Erler and Schnabl, 
to show this statement we need to find an explicit gauge transformation which relates the 
identity-based solution (12.1 ip with (12.11) . and in fact we have found the explicit form of 
this gauge transformation 



1-cBK 

1-cBK 

1 - cBK- 

1 - cBK- 

1-cBK 

1-cBK 
c(l - K) . 



1 



1 + K 
1 

1 + K 
1 

1 + K 
1 

1 + K 
1 

1 + K 
1 

1 + K 



Q + {c + cKBc) 



1 



1 + K 



cBK+1 



(Q(cKB + 1) + (c + cKBc)—^—(cBK + 1)) 
V 1 + K J 



cKcKB -cK 2 + c 



cKcKB -cK 2 + c 



1 + K 
1 



+ 

cK- 



1 + K 



K + cKBc 



} KK l-K 2 )+cKBc) 



(cKcKB - cK 2 + c(l - K) + cKBc 
{cBK + l)(c{l- K)\ 



(2.20) 



So we just have shown, by explicit computations, that starting with a seemingly trivial 
identity-based solution (12. lip , by a suitable gauge transformation, we arrive to a well 
behaved solution which correctly reproduce the desire value of the D-brane tension. In 
the next subsection, we are going to show that the Erler-Schnabl's solution appears as a 
particular case of a rather general two-parameter family of solutions. 



2.3 Two-parameter family of solutions 

As it was mentioned in the introduction section, in order to find identity-based solutions 
to the open bosonic string field equations of motion, we should use the following ansatz 

* = Yl fn, P UlUit n ~c p \Q) + fn, P , q U\UiBt n c p c q \Q) , (2.21) 

n,p n,p,q 
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where n — 0, 1, 2, • • • , and p, q — 1, 0, —1, —2, ■ • • ■ The operators C n , B and c p are defined 
in [3]. Plugging this ansatz (I2.2ip into the equation of motion will lead to a system of 
algebraic equations for the coefficients / n>p and f n , P , q - Analyzing these algebraic equations 
we discover that many of the coefficients can be set to zero, therefore we can use a simpler 
ansatz than the one given by (12.211) . for instance we are going to use the following ansatz 

# = aiC + a 2 cK + a 3 Kc , (2.22) 

Plugging this ansatz (I2.22p into the equation of motion + = 0, we obtain an 
algebraic equation for the coefficients «j 

l + a 2 + a 3 = 0, (2.23) 

and consequently our ansatz (12 .22p becomes 

m = ai c + a 2 cK- (l + a 2 )Kc. (2.24) 



A string field which identically satisfies the string field equation of motion can be 
derived by performing a gauge transformation over the identity-based solution (I2.24p 

^' = U(V + Q)U- 1 . (2.25) 

Plugging the expressions (ll.Sp for the string field U and its inverse U~ x into the definition 
of the gauge transformation (12.251) . we obtain a two-parameter family of solutions 

^' = [ Ql ( c + cBKc) + (ai + a 2 ){cK + cBKcK) - (1 + a 2 ){Kc + KcBKc)] ■ 

(2.26) 



As it is shown in the appendix, to simplify the calculation of the vacuum energy, we 
can fix the values of the two parameters «i and a 2 . For instance the particular values 
of the parameters cti = 1 and a 2 = —1 correspond to the Erler-Schnabl's solution (12. ip . 
Nevertheless at this point it is interesting to ask: do the solutions with different values of 
the parameters describe the tachyon vacuum? To provide an answer to this question, we 
should compute the vacuum energy for the solution (I2.26P with arbitrary values for the 
parameters «i and a 2 . 

In order to perform this computation, let us write the solution (I2.26P as an expression 
containing an exact BRST term 

^' = [a-ic + (a a + a 2 )cK - (1 + a 2 )Kc] 

+ Q j [atBc + (ai + a 2 )BcK - (1 + a 2 )KBc] ■ (2.27) 
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It turns out that the computation of the vacuum energy can be reduced to the evaluation 
of the following correlator 

111 1 

— QV) = Tr^daic + a 2 cK + a 3 Kc)——{a lC Kc + a 2 cKcK + a 3 KcKc)——) , 
bg z bg z 1 + K 1 + K 

(2.28) 

where we have defined the coefficients 

di = ofi , a 2 = a,i + a 2 , a 3 = —1 — a 2 ■ (2.29) 

Expanding the right hand side of equation (12.281) . we obtain the following expression 
for the vacuum energy 

^[«?< c n^ c n^> +a ^ c TTK cKcK TTK ) +aia " {c TTK KcKc rhc ) 

+ a 2 ai (cK cKc ) + a%(cK cKcK ) + a 2 a 3 (cK KcKc ) 

2U l + K l + K 1 2V l + K l + K 1 2 3V l + K l + K 1 

11 11 11 

+ (1 ^ Kc y + ~k cKc Y+k ) + a ^ Kc Y+K cKcK i + K ) + a ^ Kc T+K KcKc T+K^ 

(2.30) 

All the correlators involved in the evaluation of the vacuum energy (I2.3(jp can be computed 
using the basic correlator (Q ri cQ r2 cQ r3 cQ r4 ) 

(ft ri cir 2 cft r W 4 > = ^ sinful sinful sinf^?-^] , L = n + r 2 + r 3 + r 4 . 

(2.31) 

For instance, the expression for the correlator (Kcj^KcKc-^-^) is given by 



1 + K l + K Jo Jo ds!ds 2 ds 3 



7T 2 



S1=0,S2=0,S3=0 

(2.32) 



Performing similar computations for the rest of the correlators, from (I2.30P we get the 
following expression for the vacuum energy (I2.28P 

-^<*', Q¥') = -_l^(- ai + a 2 + a 3 f , (2.33) 
og 2ir z g z 

plugging the definition of the coefficients a±, a 2 , a 3 (I2.29P into the equation f )2.33p . we 
remarkably obtain the right value for the vacuum energy 

therefore this last result f !2.34p shows that the two-parameter family of solutions (123 
describe the tachyon vacuum. 
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3 Simple analytic solution in the superstring case 



In this section, we extend our previous results in order to analyze a new identity-based 
solution in the modified cubic superstring field theory, and as in the case of open bosonic 
string field theory, by performing a suitable gauge transformation over this identity-based 
solution, we obtain the known Gorbachev's solution which correctly reproduces the value 
of the vacuum energy. A two-parameter family of solutions is discussed as well. 

3.1 The identity-based solution and gauge transformation 

In the superstring case, in addition to the basic string fields K, B and c, we need to 
include the super-reparametrization ghost field 7 which, in the operator representation, 
is given by [H] 

7 -> £4*717(0)10). (3.1) 

Let us remember that in the superstring case the basic string fields K, B, c and 7 satisfy 
the algebraic relations [TTJ [2] 

{B,c} = l, [B,K] = 0, B 2 = c 2 = 0, 
dc=[K,c], d 1 =[K, 1 ], [c, 7 ] = 0, [S, 7 ] =0, (3.2) 

and have the following BRST variations 

QK = 0, QB = K , Qc = cKc-^ 2 , Qy = c&y - -^dc . (3.3) 
Employing these basic string fields, we can construct the following identity-based solution 

$ = (c + 57 2 )(l -K) (3.4) 

which formally satisfies the equation of motion Qty + \1/ 2 = 0, where in this case Q is the 
BRST operator of the open Neveu-Schwarz superstring theory. 

As in the bosonic case, the direct evaluation of the vacuum energy using the identity- 
based solution (13. 4p brings ambiguous result, therefore we should try to find an explicit 
gauge transformation in order to construct a well behaved solution similar to Erler- 
Schnabl's solution ( 12. ip . Using the same procedure developed in the previous section, 
we show that a well behaved solution \1/ G can be generated from our identity-based solu- 
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tion (13. 4p by performing a gauge transformation 



U-\Q + * G )U 
1 - cBK- ' 



aBif- 



1 + ifJ 
1 



Q + (c + cKBc + 5 7 2 



1 + K 



cBK 



1 - aBif - 



1 + K 
1 

l + tf 
1 

+ 



(q{cKB + 1) + (c + cifBc + Bj 2 )^—^(cBK + 1)) 

(cKcKB - cif 2 + c(l - if ) + cKBc + B 1 2 {1-K) 

1 - c5if — — — 1 ( (cBK + l)c(l - if) + 5 7 2 (1 - if) 
1 + if J V 



(c + B 7 2 )(l-if). 



(3.5) 



Remarkably, it turns out that the resulting analytic solution corresponds to the known 
Gorbachev's solution [2] 



(c + cif 5c + S7 2 



1 



1 + K 



(3.6) 



which, as we are going to verify in the next subsection, correctly reproduces the value of 
the vacuum energy. 

Since the solution (13. 6p looks very similar to the bosonic one ( 12. ip . we should write it 
as a continuous integral over wedge states by inverting 1 + if and using the Schwinger 
parameterization (I2.10p . this way of writing the solution is important if we are interesting 
in the evaluation of the vacuum energy. Let us mention that the calculation of the 
vacuum energy for the solution (13.61) was already performed in reference [2] by Gorbachev. 
Nevertheless, for completeness reasons, we are going to review this important computation 
in the next subsection. 



3.2 Gorbachev's solution and its vacuum energy 

As it was mentioned in the previous subsection, by inverting 1 + if and employing the 
Schwinger parameterization ( I2.10p . we can write the solution (13. 6p as the following integral 



poo 

* G = / dte~ t (c + cKBc + B-i 2 )rf 
Jo 



(3.7) 



now acting the BRST operator Q on the string field Be: Q(Bc) = cKBc + -B7 2 , we can 
express ( 13 ,7p as 



# G = / dte- t ctt t + Q[ dte-'BcQ 1 ] 
'0 Jo 



(3.8) 
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This way of writing the solution (13. 8p is important to simplify the computation of the 
vacuum energy. Using the equation of motion, the expression for the vacuum energy can 
be reduced to the evaluation of the following correlator 

1 1 f°° 

— «* g Q*g» = dt 1 dt 2 e- tl - t *((cn tl (cKc 

1 Z" 00 

= — / dtxdUe-*-** KY^c^cKc^ 2 ) - (Yl 2 d]* 1 7 2 n* a )l 
W Jo ' " 

1 f°° 

= -FT / dtidfee-^y-acfiV^), (3.9) 
the correlator (Y_ 2 cQ tl, ~f 2 Q t2 ) can be computed using the methods given in [TTJ |^| 



(F_ 2 c^ 7 2 ^) = (tl + t2)2 , (3.10) 



plugging the value of the correlator (13. 10p into the equation (13.91) . we finally obtain 

i i r°° 

— «* g Q*g)) = -tttt! dt l dt 2 e- t '- t2 (t 1 + t 2 
W 12n 2 g 2 J 



1 



12ttV 
1 

where we have used the change of variables defined as follows pQ 

it = + i 2 , «£ [0, oo), 

« = rrr> «e[o,i], 
t\ + 1 2 

dt\dt 2 = ududv . (3-12) 

Note that the value of the vacuum energy obtained in equation (13.111) is in perfect 
agreement with the value predicted from Sen's first conjecture (II ,2p . We would like to 
comment that the value of the vacuum energy can be obtained using another means, for 
instance using the £o-level expansion of the solution, we have confirmed that the value 
of the vacuum energy is the same as the one computed analytically (13.111) . It should be 
important to confirm this result by using a third option, namely by employing the usual 
Virasoro L -level expansion. 



( / duu 3 e~ u )( / dv) 



(3.11) 



5 This correlation function has been computed using the normalization: (^(x)cdcd c(y)e 2l ?( 2 )) = 2 
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3.3 Two-parameter family of solutions in the superstring case 

Following the same procedures developed in subsection 2.3, in the case of the modified 
cubic superstring field theory, in the appendix section, we show that Gorbachev's solution 
(13. 6p appears as a particular case of a rather general two-parameter family of solutions 

\&' = [ Xl c + x 2 cK + x 3 Kc + x 4 Bj 2 + x b BrfK + x & KB^ 2 ] - — — 

+ Q{ [fcBc + (ft + (5 2 )BcK - (1 + (5 2 )KBc] ^-^j , (3.13) 

where the coefficients X{ are given by 



xt = f3i, x 2 = /3 1 + /3 2 , x 3 = -l-/3 2 , x 4 = l-/3i, 

(pW)(p'i + p 2 ) (ft-lKft + l) , . 

^5— n > ^6— o • (.o- J-4J 

Pi Pi 

Notice that Gorbachev's solution corresponds to the particular values of the parameters 
0x = 1 and /?2 = — 1- Nevertheless it is interesting to ask: do the solutions with different 
values of the parameters describe the tachyon vacuum? To provide an answer to this 
question, we should compute the vacuum energy for the solution (13.131) with arbitrary 
values for the parameters p\ and f5 2 . 

Since the solution (13.131) has an expression containing an exact BRST term, the com- 
putation of the vacuum energy can be reduced to the evaluation of the following correlator 

^((* / ,W> = ^((*i,W>, (3-15) 
where the string field \&i is given by 

m x = \ Xl c + x 2 cK + x 3 Kc + X4S7 2 + x 5 B-f 2 K + x§KBrf] 1 . (3. 16) 

1 + K 

After a tedious algebra, by plugging the string field defined in (I3.16P into (I3.15p . we obtain 
the following expression for the vacuum energy 

+ mB 1 2 j^- Y cKcj^j))x 1 x, + 3((B 1 2 K 1 ^ T cKc 1 ^-j))x 1 x 5 

+ ^ 2 ^TY cKcK ^TT» X2X * + ^ b ^j^i KcKc j^\)) x ^ 

+ ((KB^^^cKcj^)^] . (3.17) 
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All the correlators involved in the evaluation of the vacuum energy (I3.17P can be computed 
using the basic correlators 



((n ri cfi r2 7 2 fi r3 )) = 1 2 3 , (3.18) 

2tt 2 

((Q ri BQ r2 cQ rs cQ ri j 2 Q rs )) = ^ + r 2 + r 3 + r 4 + r 5 )r 3 ^ ^ ^ 
For instance, the expression for the correlator ((-B7 2 j^cKc^^)) is given by 

1 „r,„ 1 u_ rr^.^w^)) 



1 1 /*oo /*oo 



dsi 



2tt 2 
1 

~~ 2 



j /*oo poo 

— J J dhdhe-^ih + h) 



71 



(3.20) 



Performing similar computations for the rest of the correlators, from ( 13 . 1 7j) we get the 
following expression for the vacuum energy (I3.15P 

1 /ATf/ n , T/ / U _ ~6x 2 + (8x 2 + 8x3 - 43:4 + 3x 5 + x 6 ) xi - 2 (x 2 + x 3 ) 2 + (x 2 + 3x 3 ) x 4 
6g* {{ ;; ~ 12^2 

(3.21) 

plugging the definition of the coefficients x\, x 2 , £3, £4, £5, £6 (13.141) into the equation 
(13.21 j) . we remarkably obtain the right value for the vacuum energy 

-L«^,g*0> = --!-, (3.22) 
bg 2tt g 

therefore this last result (I3.22p shows that the two-parameter family of solutions (13. 13j) 
describe the tachyon vacuum. 



4 Summary and discussion 

We have studied a new set of identity-based solutions to analyze the problem of tachyon 
condensation in open bosonic string field theory and cubic superstring field theory, al- 
though these solutions seem to be trivial, we have shown that they can be related, by 
performing a gauge transformation, to well behaved solutions where in the case of open 
bosonic string field theory, the resulting solution corresponds to the Erler-Schnabl's so- 
lution [I], while in the case of the modified cubic superstring field theory corresponds 
to a similar solution [2 J which, unlike the known solutions [HI [131 EL can be written 
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as a continuous integral over wedge states where no regularization or phantom term is 
required. 

Although, after performing the gauge transformation, the resulting Erler-Schnabl-type 
solutions can be used to compute correctly the value of the vacuum energy, it would be 
interesting to evaluate directly the vacuum energy using the identity-based solutions, this 
kind of computations should be possible provide that we can find a consistent regular- 
ization scheme. Even though our results suggest that these solutions should reproduce 
the right value for the D-brane tension, the direct calculation persists as one of the most 
difficult problems in string field theory |22j . 

The main motivation of this work was to understand how identity-based solutions 
can be used to generate well defined solutions which describe to the tachyon vacuum in 
relatively simple cubic string field theories [T6| [T7] IT8] . It would be important to extend 
this analysis to the case of Berkovits WZW-type superstring field theory [15] , since this 
theory has a non-polynomial action, the issue for finding the tachyon vacuum solution 
and the computation of the value of the D-brane tension seems to be highly cumbersome. 
Nevertheless, we hope that the ideas developed in this paper should be very useful in 
order to solve this challenging puzzle. 

Another important application of the techniques developed in this paper, as mentioned 
in should be the extension of the subalgebra generated by the basic string fields K, 
B, c and 7 in order to analyze more general string field configurations [2"Tl 12"%] . such 
that multiple D-branes, marginal deformations, lump solutions as well as time dependent 
solutions. 
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A Derivation of the identity-based solution and gauge 
transformation 

In this appendix we provide the details related to the derivation of the identity-based 
solution and the gauge transformation. In the case of open bosonic string field theory, we 
propose the following ansatz 



$ = a.\c + a%cK + a^Kc , 
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plugging this ansatz into the equation of motion Q^/ + = and using the identity 
cK 2 c = cKcK + KcKc, we find easily 

ai(l + a 2 + a>z)cKc + 0:2(1 + a 2 + a>z)cKcK + 03(1 + 012 + a,z)KcKc = . (A. 2) 

Therefore, as we can see, the string field equation of motion reduces to the algebraic 
equation 

l + a 2 + a 3 = 0, (A.3) 
and consequently our ansatz (IA.1I) becomes 

* = «ic + a 2 cK - (1 + a 2 )Kc. (A.4) 

The next step is to perform a gauge transformation over this identity-based solution 
(1A.4|) . It turns out that the suitable string field U which will be used to define the gauge 



transformation is given by 

U = l + cBK. (A.5) 
The inverse of this string field U can be computed using the power series expansion 

U- 1 = 1 + cBR = J2(-l) n (cBK) n = 1 + J2(-ircBK» = 1 - cBK Y^k ■ (A - 6) 

n=0 n=l 

A string field 1 J r ' which identically satisfies the string field equation of motion Q^' + 
vl/'vl/' = can be derived by performing a gauge transformation over the identity-based 
solution f lA.4j) 



$' = U(y + Q)U~ l . (A.7) 



Plugging the expressions (IA.5j) and (IA.6I) for the string field U and its inverse U 1 into 



the definition of the gauge transformation (1A.7j) . we obtain 



= \ ai (c + cBKc) + {at + a 2 ){cK + cBKcK) - (1 + a 2 )(^c + KcEKc)] — l — . 

1 + K 

(A.8) 

To simplify the computation of the vacuum energy, we would like to write Erler- 
Schnabl-type solution (|A.8[) in the following way 

[aic + x]^-^ (A.9) 



18 



such that Qx = where \ is some string field, to satisfy this requirement (IA.9j) we must 
impose the following condition on the numerator of equation (1A.8j) 

Q [oti (c + cBKc) + (at! + a 2 )(cK + cBKcK) -(l + a 2 )(Kc + KcBKc)] = a x cKc 

(A.10) 

from this last equation (1A.10I) . using the BRST variations (12. 8p . we obtain 

(at + a 2 )cKcK - (1 + a 2 )KcKc = , (A.ll) 
and therefore the value of the coefficients ai and a 2 are given by 

ai = l , a 2 = -l. (A.12) 

Finally, plugging the value of these coefficients flA.12j) into Erler-Schnabl-type solution 
(lA.8p . we get the well known Erler-Schnabl's tachyon vacuum solution in open bosonic 
string field theory [T] 

^ E _s= [c + cBKc]^^. (A.13) 

In the case of the modified cubic superstring field theory, we should use the following 
ansatz 

* = Yl fn,pU! U l£ n Cp\°) + Yl fn, P , q UluM n 5pC q \0) + J2 gnAuUluM^tlulO) , 
n,p n,p,q n,t,u 

(A.14) 

where n = 0, 1, 2, ■ • • , p, q = 1,0, —1, —2, ■ • • and t, u — ^, — |, — |, ■ ■ ■ ■ Plugging this 
ansatz (1A.14I) into the equation of motion will lead to a system of algebraic equations for 
the coefficients f n , P , q and g n ^, u - Analyzing these algebraic equations we discover that 
many of the coefficients can be set to zero, therefore we can use a simpler ansatz than the 
one given by flA.14p . namely 

* = Ac + (3 2 cK + f3 3 Kc + /3 4 S 7 2 + f3 5 B-f 2 K + /3 6 KE 7 2 . (A. 15) 

Plugging this ansatz (IA. 15[) into the equation of motion Q^ + ^ty = 0, we obtain a system 
of algebraic equations for the coefficients /?, 

/3 2 + /3 3 + l = (A.16) 
-/3 2 /5 5 + /5 3 /? 5 - /3 5 - /5 2 /3 6 + /5 3 /3 6 + /3 6 = (A.17) 

+ ft A, = (A. 18) 

/8 4 -l = 0. (A.19) 
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Solving this system of algebraic equations, we obtain 

/3 3 = -/3 2 -l, & = 1, As = ^, /3 6 = ^^, (A.20) 

Pi Pi 

and consequently our ansatz (1A.15j) becomes 

* = Ac + /3 2 cfr - (ft + l)ifc + £ 7 2 + ^5 7 2 iT - ^^KB^ . (A.21) 

Pi Pi 

A string field ^' which identically satisfies the string field equation of motion can be 
derived, as in the bosonic case, by performing a gauge transformation over the identity- 
based solution (IA.21j) 

m' = + Q)U~ l . (A.22) 

Plugging the expressions (IA.5j) and flA.61) for the string field U and its inverse U~ x into 
the definition of the gauge transformation (IA.22I) . we obtain a two-parameter family of 
solutions 

m' = [xic + x 2 cK + x 3 Kc + x 4 B-f 2 + x 5 Bj 2 K + x 6 KB-f 2 ] ^ ^ — 

+ Q{ [f3.Bc + (A + ft^ctf - (1 + &)#Bc] , (A.23) 

where the coefficients X{ are given by 

X\ = fa , x 2 = fix + P2 , x 3 = -1 - (3 2 , £4 = 1 - Pi , 

T _ + t _ (pW)(/3 2 + l) 9 . 

Pi Pi 

These coefficients have been defined to simplify the presentation of our equations. Notice 
that the Gorbachev's solution [2] 

# G = (c + cKBc + £? 7 2 ) — ?— (A.25) 

1 + A 

corresponds to the particular case fix = 1 and /3 2 = —1. 
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